What are immune checkpoint inhibitors and how do they work?
The idea of exploiting the host immune system to treat cancer relies on the insight that the immune system can eliminate malignant cells in a process termed immune surveillance. 3 During this process, positive and negative immune checkpoints ensure a balance between the hosts' defence against tumour antigens and autoimmunity. Tumour cells can distort some of these signals, allowing the cells to escape immune destruction and progress to cancer. 4 Cytotoxic T-lymphocyte-associated protein 4 and programmed cell death 1 inhibitors are 2 important negative immunomodulatory checkpoints; they are T-cell surface receptors that, when engaged, turn off immune function at different stages of the immunity cycle ( Figure 1 ). Their inhibition thereby allows for ongoing T-cell activation and enhances anti-tumour immunity.
Health Canada's clinical indications for the use of immune checkpoint inhibitors are summarized in Table 1 . Because more than a thousand clinical trials are underway assessing different immune checkpoint inhibitors alone or in combination with other standard cancer therapies such as chemotherapy, surgery and radiotherapy, the number of approved indications and patients exposed to these treatments is expected to rise substantially in coming years.
Why do immune-related adverse events occur?
• The most important step in managing immune-related adverse events is to recognize them promptly and administer corticosteroids for grade 2 or higher reactions.
• Management of immune-related adverse events is complex, requiring the input of a multidisciplinary team.
• Substantial research is yet to be done on the predictive biomarkers of immune-related adverse events and on their optimal management.
Box 1: Evidence used
We searched PubMed from 2010 to 2018 for articles about immunerelated adverse events and immune checkpoint inhibitors and selected randomized controlled trials, systematic reviews, observational studies and case reports. We also reviewed the bibliographies of high-impact articles, such as those of the American Society of Clinical Oncology and European Society for Medical Oncology guidelines for the management of immune-related adverse events. reacts against both tumour antigens and antigens on healthy tissues. This process is tightly regulated by a complex network of cell surface receptors and signalling pathways. By blocking the inhibitory signals, immune checkpoint inhibitors can sway immune responses away from tolerance and in favour of an activated state. 5 Although this is useful for targeting cancer, an immune episode targeted to healthy tissue is also possible. As such, both cytotoxic T-lymphocyte-associated protein 4 and programmed cell death 1 inhibitors have been associated with inflammatory or autoimmune reactions of the human body's organs ( Figure 2 ). The rates of various immune-related adverse events may differ depending on the particular drug, but the full spectrum of these adverse events can occur with all drugs (Table 2) . 7 Similarly, although some temporal patterns have emerged for each specific immune-related adverse event, it is important to highlight that any such adverse event can occur at any time during treatment. Some cases of autoimmune disease have been attributed to immune checkpoint inhibitors months after cessation of treatment. 8 Clinicians must be on the lookout for any new symptoms reported by patients who have been exposed to immune checkpoint inhibitors. Early recognition is key, as immune-related adverse events are usually reversible, even when severe in presentation.
How are immune-related adverse events diagnosed and managed?
We previously reported the case of a patient who developed cerebritis, which rapidly evolved to a profound comatose state after delays in consultation with the treating oncology team and administration of corticosteroids. 9 This example highlights a critical step in the management of immune-related adverse events, which is early recognition and prompt administration of treatment. Patients may present to their primary care physician or to the emergency department outside their routine oncological visits. As such, frontline health care workers may be involved in the initial assessment and management of immune-related adverse events and are encouraged to rapidly consult with the treating oncologists.
Both the American Society of Clinical Oncology and the European Society of Medical Oncology have released comprehensive clinical guidelines on the diagnosis and management of immune-related adverse events. 10, 11 In summary, adverse events are graded according to the Common Terminology Criteria for Adverse Events (Table 3) . 12 Principles of treatment are outlined in Figure 3 , which is adapted from the latest American Society of Clinical Oncology guideline. 10 Close observation and symptomatic management without interruption of immune checkpoint inhibitors are recommended for grade 1 reactions.
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• Hypo-or hyperthyroidism Oral corticosteroids (0.5-1 mg/kg) are recommended for grade 2 reactions, while treatment with immune checkpoint inhibitors is held. Once a grade 2 reaction has subsided to grade 1 or resolved and steroids have been tapered and stopped, immune checkpoint inhibitors can be resumed at the same dose and schedule.
Grade 3 or higher reactions are managed with high-dose oral or intravenous corticosteroids (prednisone 1 mg/kg or methylprednisolone 2 mg/kg). Intravenous therapy is the preferred route for severe grade ≥ 3 reaction owing to faster onset of action. Patients should be monitored daily until resolution of symptoms, either in hospital or by outpatient visits. Escalation of immunosuppressive treatment is recommended for grade 3 or higher reactions that fail to improve within 48 to 72 hours of high-dose corticosteroid therapy. Tumour necrosis factor inhibitors such as infliximab are preferred as a second-line immunosuppressant. Other drugs that inhibit T cells, including mycophenolate mofetil, have also been used with success. 10 In most cases, grade 3 or higher reactions are considered grounds for permanent discontinuation of immune checkpoint inhibitors. Corticosteroids should be tapered slowly, in most cases no faster than over 4 weeks, as flare-ups are common if immunosuppression is tapered too quickly. As with any immunosuppressive treatment, appropriate prophylaxis against opportunistic infections and monitoring patients for other corticosteroid adverse effects are important.
Endocrine immune-related adverse events (i.e., hypothyroidism, adrenal insufficiency, hypogonadism and hypophysitis) are the only adverse events that do not require permanent discontinuation of immune checkpoint inhibitors, regardless of the severity of the reaction, as long as patients achieve a stable clinical status on physiologic hormonal replacement therapy. 10 One of the most important reasons for complications and morbidity from immune-related adverse events is delay in the prompt administration of corticosteroids. Because immune-related adverse events (e.g., colitis, pneumonitis, encephalitis) are sometimes difficult to distinguish from infectious complications of the same organs (e.g., infectious colitis, pneumonia, meningitis), steroids are often delayed while invasive procedures (e.g., colonoscopy, bronchoscopy, lumbar puncture) are planned and microbiology results are awaited. However, for patients with severe grade Life-threatening consequences; urgent intervention indicated.
5
Death related to adverse event.
Note: CTCAE = Common Terminology Criteria for Adverse Events. *CTCAE provides general grading guidelines as described within this table. For each specific organ affected, the CTCAE also provides descriptive organ-specific grading. 12 ≥ 3 reactions, prompt high-dose intravenous corticosteroid therapy should not be delayed in favour of other investigations. Invasive diagnostic tests and confirmatory biopsies are often challenging to obtain and can lead to complications or delays in treatment. For instance, diagnostic colonoscopies in the setting of colitis from immune checkpoint inhibitors could induce bowel perforation, and should not be routinely performed.
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What is the impact of immune-related adverse events on cancer outcomes?
Early clinical observations suggested that patients with severe immune-related adverse events seemed to derive greater antitumour benefit, sometimes lasting long after the immune checkpoint inhibitors were permanently discontinued. Thus, the occurrence of immune-related adverse events was thought to be tangible proof that the patient's immune system was activated. Whether this immunological activation correlates with improved cancer outcomes remains controversial. For instance, in one large, retrospective study, cancer outcomes were similar in patients with melanoma treated with the cytotoxic T-lymphocyte-associated protein 4 inhibitor ipilimumab whether they experienced immune-related adverse events or not. 14 However, the development of a specific immune-related adverse event, vitiligo, has been associated with improved cancer outcomes in the same group of patients. 15 In patients with melanoma who were treated with both ipilimumab and nivolumab, serious toxicities leading to early discontinuation have been associated with good overall survival. 16 In 2 recent series, the development of immune-related adverse events in patients with lung cancer who were undergoing therapy with immune checkpoint inhibitors was associated with improved survival. 17, 18 In summary, the current consensus is that immunerelated adverse events are not required to obtain a benefit from immune checkpoint inhibitors, but their occurrence is potentially associated with improved cancer-related outcomes in some settings. Further research and large-scale cohort studies are required to investigate this association.
Are immune checkpoint inhibitors suitable for patients with pre-existing autoimmune diseases?
Patients with autoimmune diseases have been excluded from clinical trials investigating immune checkpoint inhibitors owing to concerns regarding disease flare-ups. In the real-life clinical setting, clinicians have offered immune checkpoint inhibitors to these patients, based on the assumption that the benefits may outweigh the risks. There is some, albeit limited, evidence to support this. These patients seem to derive the same amount of clinical benefit from immune checkpoint inhibitors as the standard populations in which these therapies were studied. 19 far as the autoimmune outcomes are concerned, a systematic review concluded that flare -ups and immune-related adverse events in patients with autoimmune disease on immune checkpoint inhibitors can often be managed without discontinuing therapy, although some events may be severe and fatal. 22 The optimal immunosuppressive regimen necessary to maintain quiescence of pre-existing autoimmunity without compromising the clinical benefits of immunotherapies has yet to be elucidated. As an example, certain immunomodulatory regimens could be associated with a loss of clinical benefit of immune checkpoint inhibitors. 23 The management of patients who have cancer and preexisting autoimmune diseases and who are receiving immune checkpoint inhibitors is complex and requires a multidisciplinary approach that incorporates oncologists and organ-specific experts, including rheumatologists, gastroenterologists, endocrinologists and dermatologists.
Can we predict which patients will develop immune-related adverse events?
There are large gaps in the epidemiology of immune-related adverse events. Demographic risk factors for the development of these events are unknown, including whether female sex, which is a strong risk factor for autoimmunity, is also a risk factor for immune-related adverse events. Although the gut microbiome has been linked to the development of immune checkpoint inhibitor-induced colitis and an intriguing association between response to these inhibitors and gut microbiome has been described, [24] [25] [26] associations between the microbiome outside the gut and immune-related adverse events remain unexplored. The molecular mechanisms underlying immunerelated adverse events, and whether they are similar or not to those underlying "classic" autoimmune diseases, are also largely unknown. Genetic susceptibilities, particularly major histocompatibility complex haplotypes, are mostly absent from current analyses for immune-related adverse events. 27 Cytotoxic T-lymphocyte-associated protein 4 polymorphisms have been linked to an increased risk of autoimmune diseases and programmed cell death 1 polymorphisms to autoimmune colitis; mice lacking programmed cell death 1 develop lupus-like syndrome. [28] [29] [30] [31] To date, only limited lupus nephritis, rather than full systemic lupus syndrome, has been reported with the use of immune checkpoint inhibitors. 32 As such, the effect of genetic variants of cytotoxic T-lymphocyte-associated protein 4, programmed cell death 1, and programmed death-ligand 1 on the risk or severity of immune-related adverse events is unknown. Autoantibodies have been reported in some cases of type 1 diabetes, thyroid disease and arthritis secondary to immune checkpoint inhibitors. [33] [34] [35] [36] Whether these antibodies represent a pre-existing immune diathesis or are the consequence of de novo immunological events remains unknown. Few clinical predictors of immune-related adverse events have been identified, including pre-treatment lymphopenia. 37, 38 Although immune biomarkers predictive of the outcome of treatment with immune checkpoint inhibitors are the object of considerable research, there is a paucity of research on immune biomarkers predicting immune-related adverse events. Unanswered questions are summarized in Box 2.
Conclusion
Immune checkpoint inhibitors have rapidly established themselves as a new pillar in cancer therapy alongside chemotherapy, radiotherapy and surgery. Some patients previously deemed incurable are now achieving long-term remissions with these novel therapeutics, but at the expense of frequent and sometimes fatal immunerelated adverse events. These adverse events can be challenging to both diagnose and manage. A high clinical suspicion and multidisciplinary approach are often necessary to optimize clinical outcomes. Deciphering the mechanisms driving the immune-related adverse events is a great opportunity for novel research and will likely shed new insights on the interplay between autoimmunity and oncogenesis. As more advances are made in the field and experience with immune checkpoint inhibitors increases, front-line health care workers will be increasingly involved in managing patients who are being treated with these agents.
